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Fractures continue to be an important public health
problem. A total of ;9 million osteoporotic fractures were
reported worldwide in 2000,
(1) with ;20% of these being
hip fractures. The importance of these fractures is shown
by their association with increased mortality,
(2) decreased
quality of life,
(3) and substantial direct and indirect costs to
the health care systems of many countries.
(4)
The major strategy to minimize the burden of osteopo-
rotic fractures on society has been to identify and treat
high-risk individuals before they fracture. The challenge
has been to accurately assess fracture risk prospectively.
The most common way fracture risk has been assessed
clinically is by using DXA BMD. The WHO currently
deﬁnes BMD results as normal when T-scores are greater
than 21.0, osteopenic when T-scores are between 21.0 and
22.5, and osteoporotic when T-scores are less than 22.5.
Normal BMD is interpreted as indicating low risk of frac-
ture, osteopenia as indicating medium risk, and osteopo-
rosis as indicating high risk. This classiﬁcation scheme
clearly identiﬁes those individuals with the highest risk of
fracture, but because the greatest number of fractures oc-
cur in individuals with osteopenia or normal BMD, be-
cause of the much larger numbers of these individuals in
the population, it is unable to prospectively identify many
individuals who subsequently fracture.
(5–8) As a result, a
number of studies have attempted to identify risk factors in
addition to BMD that would improve the ability to predict
fractures in those with normal or osteopenic BMD.
Multiple risk factors have been identiﬁed for osteopo-
rotic fracture. One of the strongest and most consistent risk
factors across multiple studies in different populations is
personal history of low-trauma fracture.
(7,9,10) However,
most cohort studies have excluded repeat fractures in the
same individual from consideration during the study in-
terval in the effort to estimate incident fractures. Excluding
repeat fractures in the same individual reduces population
fracture estimates below the true prevalence in the popu-
lation. This is an important consideration because incident
fractures increase subsequent fractures over at least the
next year.
(11,12) Accurate estimates of population fracture
prevalence should logically include repeat clinical fractures
in the same individuals who experience them.
It is in this context that the paper by Langsetmo et al.
(13)
in this issue of the JBMR is of particular interest. This study
sought to quantify how many low-trauma fractures were
ﬁrst fractures and how many were repeat fractures in
subjects randomly selected from the Canadian popula-
tion for the Canadian Multicentre Osteoporosis Study
(CaMOS). The CaMOS study includes 2179 men and 5269
women 50–90 yr of age at recruitment. The study cohort
used for this study excluded 51 men and 83 women because
they did not have follow-up data and 245 men and 698
women because they did not have baseline BMD. All low-
trauma clinical fractures that occurred in this cohort over
8 yr of follow-up were included in this study and classiﬁed
as either ﬁrst or repeat fractures. Analyses were stratiﬁed
by sex, age, BMD risk categories, and vertebral deformity
status. BMD risk categories were deﬁned as normal, oste-
openia, or osteoporosis, based on current WHO T-score
deﬁnitions.
The study cohort at risk for ﬁrst fracture included 2044
men with a mean follow-up of 5.8 yr and 4612 women with
a mean follow-up of 6.0 yr. There were 95 fractures in the
men and 344 fractures in the women. The cohort at risk for
repeat fracture had 230 men with a mean follow-up of 4.8
yr and 1001 women with a mean follow-up of 5.1 yr. There
were 33 fractures in the men and 233 fractures in the
women. The study therefore reported a total of 128 inci-
dent fractures in men and 577 fractures in women over the
8 yr of follow-up.
Of these fractures, 25% were repeat fractures in the men
and 40% repeat fractures in the women. Just more than
one half of the ﬁrst fractures occurred in subjects with os-
teopenia (58% in men, 54% in women) and just less than
one half of the repeat fractures occurred in subjects with
osteopenia (42% in men, 47% in women). Most ﬁrst frac-
tures occurred in subjects with osteopenia, whereas repeat
fractures were evenly divided between the normal, osteo-
penic, and osteoporotic categories in men and between the
osteopenic and osteoporotic categories in women. Subjects
with osteoporosis contributed 21% of the total fracture
burden in men and 39% of the fracture burden in women.
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1512The estimated age-adjusted prevalence of fracture risk
determined by this study indicated that an estimated 4.6%
of men and 9.3% of women would have a history of low
trauma fracture after age 40, if a population had the same
sex-speciﬁc age distribution as the 2001 Canadian census
population between 50 and 90. An additional 3.8% of men
and 9.6% of women in this population would have had an
osteoporotic BMD but no history of low-trauma fracture.
The study also showed that both ﬁrst and repeat frac-
tures increased by 60–70% per decade of age in both men
and women and that the incidence of repeat fracture was
signiﬁcantly higher than incidence of ﬁrst fracture within
each 10-yr age group. The incidence of repeat fracture
ranged from 2- to 4-fold higher than the incidence of ﬁrst
fracture within a given BMD category for both men and
women.
The study showed that vertebral deformity and previous
low-trauma fracture were independent predictors of frac-
ture. In both men and women with grade 2 or higher ver-
tebral deformity, the incidence of ﬁrst fracture was
increased, but in those without vertebral deformity, the
risk was decreased. This was also true for repeat fractures.
The authors concluded that repeat fractures contribute
signiﬁcantly to the overall fracture burden and that the
incidence of repeat fractures is independent of BMD. This
study showed that subjects with a combination of prior low-
trauma fracture and another risk factor were at especially
high risk of future fracture.
This study is important because it highlights the danger
that true population fracture prevalence will be signiﬁ-
cantly underestimated if repeat clinically signiﬁcant low-
trauma fractures are eliminated from consideration. In the
CaMOS population, one quarter of the overall fractures in
men and 40% of overall fractures in women were repeat
fractures. This observation emphasizes the importance of
previous personal history of fracture in predicting future
fracture risk, independent of BMD. The study supports the
contention that, whereas BMD in the osteoporotic range is
a good predictor of fracture in patients who have not yet
had low-trauma fractures, a prior low-trauma fracture is a
sign of skeletal fragility regardless of BMD.
The ﬁnding that the majority of overall fractures in the
CaMOS study population occurred in men and women
with osteopenia is consistent with other studies of post-
menopausal women.
(5–8) This study further found that the
majority of ﬁrst clinical low-trauma fractures occurred in
those with osteopenia, whereas repeat clinical low-trauma
fractures occurred with equal frequency in women with
osteopenia or osteoporosis and in men with osteopenia,
osteoporosis, or normal BMD. The signiﬁcance of these
ﬁndings is that individuals with osteopenia have increased
risk of both ﬁrst and repeat low-trauma fractures. Indi-
viduals with osteopenia who have had a ﬁrst clinical low-
trauma fracture should be viewed as being at high risk of
subsequent fracture, regardless of their relatively reassur-
ing BMD results.
The differences in results seen between men and women
with osteopenia in this study are notable. Men and women
with osteoporosis had similar rates of ﬁrst and repeat
fractures. Most fractures in women occurred in those with
osteoporosis or prior fracture, but the majority of fractures
in men occurred in those with osteopenia or normal BMD
and without previous fracture. These ﬁndings suggest that
BMD results in men have different implications than in
women, that risk factors for fracture in men may be dif-
ferent than those in women, and that cost-effective inter-
ventions for men based on BMD may be different from
those in women.
This study conﬁrmed that the risk of repeat clinical low-
trauma fracture is about twice the risk of ﬁrst clinical low-
trauma fracture after stratiﬁcation by age and BMD,
similar to what other studies have reported.
(7,12,14) Verte-
bral deformity was also found to be a risk factor for frac-
ture, with repeat clinical fracture at least twice the
incidence of ﬁrst clinical fracture after stratiﬁcation for
vertebral deformity.
In summary, the ﬁndings of the paper by Langsetmo
et al.
(13) provide further evidence of the signiﬁcance of
previous personal history of low-trauma fracture in de-
termining subsequent fracture risk. Previous personal his-
tory of low-trauma fracture increases risk of subsequent
fracture, particularly in patients with osteopenia, inde-
pendent of BMD results. For the practicing physician,
this study highlights the importance of obtaining a careful
history regarding previous fractures, perhaps com-
plemented by vertebral fracture assessment by DXA
(15)
or spine X-rays (when indicated) to deﬁne preexisting
fractures.
REFERENCES
1. Johnell O, Kanis JA 2006 An estimate of the worldwide
prevalence and disability associated with osteoporotic frac-
tures. Osteoporos Int 17:1726–1733.
2. Katelaris AG, Cumming RG 1996 Health status before
and mortality after hip fracture. Am J Public Health 86:557–
560.
3. Adachi JD, Ionnadis G, Pickard L, Berger C, Prior JC, Joseph
L, Hanley DA, Olszynski WP, Murray TM, Anastassiades T,
Hopman W, Brown JP, Kirkland S, Joyce C, Papaioannou A,
Poliquin S, Tennenhouse A, Papadimitropoulos EA 2003 The
association between osteoporotic fractures and health-related
quality of life as measured by the Health Utilities Index in the
Canadian Multicentre Osteoporosis Study (CaMOS). Osteo-
poros Int 14:895–904.
4. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A,
Tosteson A 2007 Incidence and economic burden of osteo-
porosis-related fractures in the United States 2002–2025.
J Bone Miner Res 22:465–475.
5. Siris ES, Chen YT, Abbott TA, Barrett-Connor E, Miller PD,
Wehren LE, Berger ML 2004 Bone mineral density thresholds
for pharmacological intervention to prevent fractures. Arch
Intern Med 164:1108–1112.
6. Wainwright SA, Marshall LM, Ensrud KE, Cauley JA, Black
DM, Hillier TA, Hochberg MC, Vogt MT, Orwoll ES 2005
Hip fracture in women without osteoporosis. J Clin Endo-
crinol Metab 90:2787–2793.
7. Pasco JA, Seeman E, Henry MJ, Merriman EN, Nicholson
GC, Kotowicz MA 2006 The population burden of fractures
originates in women with osteopenia, not osteoporosis. Os-
teoporos Int 17:1404–1409.
8. Cranney A, Jamal SA, Tsang JF, Josse RG, Leslie WD 2007
Low bone mineral density and fracture burden in postmen-
opausal women. CMAJ 177:575–580.
9. Miller PD, Barlas S, Brenneman SK, Abbott TA, Chen Y,
Barrett-Connor E, Siris ES 2004 An approach to identifying
TRUE IMPACT OF RECURRENT FRACTURES ON FRACTURE RISK 1513osteopenic women at increased short-term risk of fracture.
Arch Intern Med 164:1113–1120.
10. Nguyen ND, Eisman JA, Center JR, Nguyen TV 2007 Risk
factors for fracture in nonosteoporotic men and women. J Clin
Endocrinol Metab 92:955–962.
11. van Geel AC, Geusens PP, Nagtzaam IF, Schreurs CM, van
der Voort DJ, Rinkens PE, Kester AD, Dinant GJ 2006
Timing and risk factors for clinical fractures among post-
menopausal women: A 5-year prospective study. BMC Med
4:24.
12. Center JR, Bliuc D, Nguyen TV, Eisman JA 2007 Risk of
subsequent fracture after low-trauma fracture in men and
women. JAMA 297:387–394.
13. Langsetmo L, Goltzman D, Kovacs CS, Adachi JD, Hanley
DA,KreigerN,JosseR,PapaioannouA,OlszynskiWP,Jamal
SA. CaMOS Research Group 2009 Repeat low-trauma frac-
tures occur frequently among men and women who have os-
teopenic bone density. J Bone Miner Res 24:1515–1522.
14. Kanis JA, DeLaet C, Delmas P, Garnero P, Johansson H,
Johnell O, Kroger H, McCloskey EV, Mellstrom D, Melton
LJ, Oden A, Pols H, ReeveJ, Silman A, TenenhouseA 2004A
meta-analysis of previous fracture and fracture risk. Bone
35:375–382.
15. Lewiecki EM, Laster AJ 2006 Clinical applications of verte-
bral fracture assessment by dual energy x-ray absorptiometry.
J Clin Endocrinol Metab 91:4215–4222.
1514 CLARKE AND KHOSLA